Here, creation of the universe is obtained out of gravity only. The dynamical universe begins with two basic ingredients (i)vacuum energy, also called dark energy (as vacuum energy is not observed) and (ii) background radiation. These two are obtained through one-loop renormalization of riccion.
portant efforts, in this direction, are scalar field models like (i) quintessence [5] , (ii) k-essence [6] , (iii) tachyon scalar fields [7 -12] and models based on quantum particle production, Chaplygin gas [13] [14] . In these models, a scalar field acts as a source of are dark energy and plays crucial role in the dynamical universe. But these models have no answer to the question "Where are these scalars coming from?" It is like Higg's fields in GUTs as well as inflaton in inflationary models of the early universe. In the cosmology probed here, no scalar field is required to be incorporated, from outside the theory, to discuss cosmic dark energy.
In what follows, dark energy emerges from the gravitational sector only.
Higher-dimensional gravity contributes dark energy to the universe when energy mass scale comes down to electroweak scale . Here, there is no role of scalar fields in the cosmological dynamics. Work starts effectively from a general case of (4 + D)-dimensional space-time and, later on, it is shown that D → 6 making effective dimension of the space-time equal to 10. The observable universe is a 4-dimensional hypersurface of the higher-dimensional world. So far sharpest experiments could probe gravity upto 0.1 mm.and, in the matter sector, probe could be possible upto electroweak scale M ew = 240GeV, having wavelength as short as ∼ 8.2 × 10 −17 cm. It means that it is difficult to realize 4-dimensional gravity for length scales less than 0.1 mm.
So, it is reasonable to think higher-dimensional gravity for scales smaller than this scale. It is parallel to the brane-world gravity, where it is assumed that gravity is stronger in higher-dimensional space-time, called bulk and only a small part of it is relized in the observable universe [15] .
It has been noted by many physicists that the Ricci scalar R behaves like a physical field also, in addition to its geometrical nature, if gravitational action contains higher-derivative terms [16] [17] [18] [19] [20] [21] [22] [23] . In 1980, Starobinsky suggested that if sign of the R 2 term in the higher-derivative gravitational action is chosen properly, one could obtain only one scalar particle with positive energy and positive squared mass. He called it as "scalaron" [16] . In papers [16] [17] ,gravitational constant G is either taken equal to unity or lagrangian density is taken as 1 16πG (R+ higher -derivative terms). As a result, (mass) 2 of the Ricci scalar, does not depend on the gravitational constant G. Realizing the important role of G in gravity, in papers [18 -23] as well as here, lagrangian density is taken as ( 1 16πG R+ higher -derivative terms) leading to a drastic change where (mass) 2 depends on G also. In the following section as well as earlier works , it is shown that physical aspect of the Ricci scalar is represented by a scalar fieldR = ηR (η is a parameter having length dimension), called riccion with (mass) 2 depending on gravitational constant G and other coupling constants in the action [18] [19] [20] [21] [22] [23] . It is different from scalaron in two ways (i)mass dimension of riccion is one like other scalar fields ,such as quintesence, inflaton and Higg's scalar, whereas mass dimension of scalaron is two and (ii)(mass) 2 for scalaron does not depend on G, whereas ,for riccion, it depends on G.
The present paper begins with higher-derivative gravitational action in
dimensional sphere being the hidden extra-dimensional compact space. Higherderivative gravity faces ghost problem, which can be avoided by taking coupling constants in the action properly.
The distance function for (4 + D)-dimensional space-time is defined as
Here g µν (µ, ν = 0, 1, 2, 3) are components of the metric tensor in M 4 , l is radius of the sphere which is independent of coordinates x µ and 0 ≤
It is important to mention here that riccion is different from the scalar mode of graviton. which is highlighted in Appendix A.
Thus, in the proposed cosmological scenario, our dynamical universe begins with the initial dark energy density (vacuum energy density)ρ Λew = 2.43×10 14 GeV 4 and background radiation with temperature T ew = 33.5GeV = 3.89 × 10 14 K, contributed by riccion at M ew . The background radiation is caused by a phase transition at M ew . This event is recognized as big − bang.
As usual, dynamical universe grows in the post big − bang era. In the present theory, riccion has effective role in the pre big − bang era, but it remains passive in the post big − bang times.
The paper is organized as follows. Section 2 demonstrates derivation of riccion equation and its action. One-loop renormalization of riccion is done in sestion 3. Renormalization group equations are solved in section 4. This is an important section as it provides initial values of dark energy density ρ Λ and temperature T of the observable universe. Moreover, in this section, dimension of hidden space is derived to be 6. In section 5, derivation of equation of state for dark energy(vacuum energy) is derived and phase transition at M ew is discussed. It is found that dark energy decreases with expansion of the universe. So, it is natural to think for decay of dark energy to dark matter, which is discussed in section 6. This section is very important from cosmological point of view, as many important results are derived here. It is demonstrated that dark energy decays to hot dark matter (HDM) till matter remains in thermal equillibrium with radiation, but when temperature falls down the decoupling temperature, production of HDM decreases and creation of cold dark matter (CDM)increases. Dark matter density is found less than dark energy density from the epoch of big − bang upto the time 10.6t 0 ( t 0 is the present age of the universe ). This result provides a solution to cosmic coincidence problem, which raises the question " Why does dark energy dominates over dark matter only recently?." First time, this question was posed by P.J.Steihardt [24] . In some earlier works also, this problem was adrressed and solutions were suggested, taking coupled system of quintessence scalar fields and matter [25 -28] . As mentioned above, contrary to earlier attempts, such scalar fields are not required here. Moreover, it is found that the universe undergoes an accelerated expansion from the beginning itself upto late future universe. Future course of dynamics is also discussed here. In this section, temperature and entropy of the universe are discussed and it is demonstrated how entropy of the universe grows upto 10 are used here with GeV is used as a fundamental unit such that 1GeV = 1.16×10 13 K = 1.78×10 −24 gm , 1GeV −1 = 1.97×10 −14 cm = 6.58×10 −25 sec.
2.Riccions from (4+D)-dimensional geometry of the space-time
Theory begins with the gravitational action
Here V D , being the volume of S D ,is given as
and
Invariance of S under transformations g M N → g M N + δg M N yields [22, 23] 
with semi-colon (;) denoting curved space covariant derivative and
Trace of these field equations is obtained as
In the space-time described by the distance function defined in eq.(1.1), 4) using the definition of R (4+D) given in eq.(2.1).
Connecting eqs. 5) which is re-written as
where α > 0 to avoid the ghost problem.
A scalar field, representing a spinless particle, has unit mass dimension in existing theories. R, being combination of second order derivative as well as squares of first order derivative of metric tensor components with respect to space-time coordinates, has mass dimension 2. So, to have mass dimension like other scalar fields, eq.(2.6) is multiplied by η and ηR is recognized asR.
As a result, this equation looks like
For scalaron, η is dimensionless [16] .
The above analyses show that, on taking trace of field equations (2.2) and
compactifying the space-time M 4 ⊗ S D to M 4 , only one degree of f reedom is obtained spontaneously, which is the scalar modeR [16, [18] [19] [20] [21] [22] [23] . It is unlike gravitons having 5 degrees of freedom including one scalar. In Appendix A, it is explained that scalar mode of graviton is dif f erent from riccion.
IfR is a basic physical field, there should be an action SR yielding eq.(2.8)
In what follows, SR is obtained. If such an action exists, one can write
are local and x i (i = 0, 1, 2, 3) are global coordinates. Moreover,
in a locally inertial co-ordinate system, where g ij = η ij (components of Minkowskian metric) and g ij ,i = 0 (comma (,) stands for partial derivative). Thus, in a locally inertial co-ordinate system,
Employing principles of covariance and equivalence as well as eq.(2.9b)
which implies that
It is important to mention here thatR is different from other scalar fields due to dependence of (mass) 2 on the gravitational constant, dimensionality of the space-time and the coupling constant α, given by the eq.(2.7b). Moreover, it emerges from geometry of the space-time.
3.One-loop quantum correction and renormalization of riccion
The SR with the lagrangian density, given by eq.(2.10), can be expanded around the classical minimumR 0 in powers of quantum fluctuationR q = R −R 0 as
as usual, because this term contains the classical equation.
The effective action is expanded in powers ofh (withh = 1) as
with one-loop correction given as [29, 30] 
and Γ ′ is a term for higher-loop quantum corrections. In eq.(3.1), µ is a mass parameter to keep Γ (1) dimensionless.
To evaluate Γ (1) , the operator regularization method [31] is used upto adiabatic order 4. As potentially divergent terms are expected upto this order only. In a 4-dim. theory, one-loop correction is obtained as
Here it is important to note that matter as well as geometrical both aspects of the Ricci scalar are used in eq. (3.2) . The matter aspect is manifested byR and the geometrical aspect by R, Ricci tensor components R µν and curvature tensor components R µναβ as it is mentioned above also.
After some manipulations, the lagrangian density in Γ (1) is obtained as
Now the renormalized form of lagrangian density can be written as (1) given by eq.(3.3) and L ct given as
In eq.(3.4b), δλ i ≡ (δm 2 , δϑ, δλ, δΛ, δξ, δǫ 0 , δǫ 1 , δǫ 2 , δǫ 3 , δǫ 4 ) are counterterms, which are calculated using the following renormalization conditions [32, 33] 
4.Renormalization group equations and their solutions
Mass scale dependence of coupling constants are obtained by solving renormaliztion group equations
where τ = 1 2 ln(M 2 ew /µ 2 ) and β λ i are one-loop β functions for different coupling constants. Here µ is the mass scale parameter and M ew is the cut-off scale such that µ ≥ M ew . As experimental probes could be possible upto M ew , so this scale is used as a cut-off mass scale. β λ i in eq.(4.1) are calculated using counter-terms yielded by eqs. (3.4) and (3.5) and putting µ d dµ λ i = 0 for bare coupling constants in equations
Using β-functions for different coupling constants, given by eqs. (4.2), solutions of differential equations (4.1) are derived, as
for coupling constants of relevant terms to be used in further investigations in the present paper. Here, λ iew = λ i (τ = 0) and τ = 0 at µ = M ew according to defnition of τ given above.
These results show that as µ → ∞(τ → −∞), λ → 0 and m 2 → 0 and 1 2 ξ → 1 6 . Using these limits in eq.(2.7a), it is obtained that D = 6. 
where
and Quantum field theory suggests that vacuum energy is the zero − point energy of particles and fields. In the model discussed here, the only particle available at M ew is riccion. So, the vacuum energy ρ Λew is also obtained as
where m ew is the mass of riccion at the electroweak scale M ew . Eq. (5.1) shows that ρ Λew diverges as k → ∞. But ρ Λew ==Λ ew (as given by eq. (4.7) ), being finite, implies that the integral in eq.(5.1) should be regularized upto a certain cut-off mode k = k c . Here k c is taken as m ew . So, eq.(5.1) yields
The second quantization and uncertainty relation imply that vacuum has energy density as well as pressure [13] . Experimental probes, like Ia supernova and WMAP [1, 2, 3, 34] suggest accelerated expansion of the universe, which requires negative pressure for the vacuum. So, to have consistency with recent probes, the isotropic vacuum pressure is calculated as
It yields
Though in certain models, time-dependence of ω = p/ρ is also proposed , but normally it is taken as a constant. So, here also, this ratio is considered independent of time. As a result Here, it is proposed that our 4-dimensional dynamical universe grows below M ew and begins with topology having the distance function
for the spatially flat model of the universe supported by recent experiments [1, 2, 3, 34] . This space-time is a special case of hypersurface M 4 of the line element (1.1). Here a(t) is the scale factor.
In what follows, it is obtained that dark energy density decreases with time and falls down by 61 orders in the present universe. Moreover, it is demonstrated that dark energy decays to dark matter providing a solution to cosmic coincidence problem.
It is shown above that , in the beginning, the universe was very hot due to the background radiation (released during phase transition). Radiation energy density falls as
with growing scale factor.
Matter remains in thermal equillibrium with the background radiation for sufficiently long time. According to WMAP [34] , decoupling of matter from background radiation takes place at t d ≃ 386kyr = 1.85 × 10 37 GeV −1 .
Equation of state for radiation is ω = 1/3. So, here, it is proposed that dark energy decays to HDM till decoupling time t d obeying ω m = 1/3.
When t > t d , it decays more to CDM ( which is non-baryonic and pressureless) with ω m = 0 as well as HDM. So, ratio of densities of HDM and CDM is extremely small below t d .
In what follows, development of the universe is probed using these ideas.
(a) Decay of dark energy to dark matter
As mentioned above, initially dark energy density was extremely high compared to its value in the present universe. So, it is reasonable to think decay of dark energy to dark matter in the expanding universe.
The conservation equations
with ρ Λ (t) and ρ dm (t), being dark energy density and dark matter density respectively at cosmic time t. Here H =ȧ/a, ω Λ = p Λ /ρ Λ = −0.4 and
is the loss (gain) term for DE(DM) respectively, so taking Q(t) = −3nHρ dm (6.5) ( n is a real number) and introducing it in eq.(6.4b), this equation is integrated to ρ dm = Aa 3(n−ω dm −1) (6.6a) with A = 0.23ρ cr,0 a −3(n−1) 0 (6.6b) using current value of dark matter density ρ dm,0 = 0.23ρ cr,0 and a 0 = a(t 0 ).
Connecting eqs.(6.4a), (6.5) and (6.6a) and integrating, it is obtained that
using the initial condition ρ dm = 0 at t = 0.
(b) Expansion of the universe, when ρ Λ > ρ dm Friedmann equation is given as
as (ρ Λ + ρ dm ) dominates over ρ r , which is clear from eqs.(6.2), (6.6) and (6.7) .
In this case, the equation (6.8) reduces to where Ω m,0 = Ω dm,0 + Ω r,0 .
Here Ω 0 = ρ 0 /ρ cr,0 and ρ cr,0 = 3H 2 0 /8πG N (H 0 being Hubble's constant) for the present universe. With these values the present critical density is calculated as ρ cr,0 = 3H 2 0 /8πG N ≃ 1.2 × 10 −47 GeV 4 (6.12b) using H 0 = h 0 /t 0 with h 0 = 0.68 and the present age of the universe t 0 = 13.7Gyr = 6.6 × 10 41 GeV −1 [34] .
As, in the present universe, ρ m is dominated by cold dark matter density, ω m = 0 is taken in eq.(6.11). Now, conecting eqs. (6.11) and (6.12) , it is obtained that n = 0.42 (6.13) Using eq.(6.10), the scale factor a d at the decoupling time t d and the present scale factor a 0 are obtained as a d ≃ 3.4 × 10 28 a ew (6.14) and a 0 ≃ 3.9 × 10 33 a ew (6.15) using the present age of the universe given above.
The equation (6.10) shows an accelerated growth of the scale factor when ρ Λ > ρ dm exhibiting non-adiabatic expansion of the universe. It implies non-conservation of entropy of the universe, which is in contrast to the de-celerated adiabatic expansion of SMU, when cosmological model is radiationdominated or matter-dominated.
In what follows, scale factor dependence of temperature and entropy is obtained in an emperical manner, based on current temperature of the microwave background radiation T 0 = 2.73K, the initial temperature T ew = 33.5GeV = 3.89 × 10 14 K given by eq.(5.9) and a 0 ≃ 3.54 × 10 34 a ew given by eq.(6.15). Thus , the required emperical relation is obtained as 6.16) which yields the decoupling temperature as (6.17) using eqs. (5.9) and (6.14) . This value is much lower than T d = 3000K, obtained in the standard big -bang cosmology. These drastic changes are due to dominance of the dark energy in the proposed model.
Using eq.(5.8b), entropy of the universe is calculated as
Current value of entropy S 0 is supposed to be 10 87 . "How could so high entropy of the universe be generated ?" is an old question. A solution to this problem was suggested in a seminal paper on inflationary model of the early universe by Guth [35] and modified version of the same by Linde [36] and Albrecht and Steinhardt [37] . Here, a different answer to this question is provided on the basis of results obtained above.
Connecting eq.(6.15) and eq.(6.18) and current vlues of entropy as well as temperature T 0 = 2.73K of the universe, it is obtained that a ew = 1.03 × 10 −5 (6.19) as S 0 = 10 87 = 7π 2 90 (3.9 × 2.73 × 10 33 a ew ) 3
Connecting eqs. (6.16) and (6.18) it is obtained that entropy grows with the scale factor a(t) as S = 7π 2 90 T 3 ew a 1.27 ew a 1.73 (6.20a) with the initial value S ew = 4.9 × 10 28 (6.20b)
The equation (6.6) yields the rate of production of HDṀ ρ hdm = −8.9 × 10 −48 a 2.74 0 a 3.74 (6.21)
using ω dm = 1/3 for hot dark matter. This equation shows that rate of production of HDM increases with growing scale factor. So, production of HDM is responsible for increasing entropy in the universe.
Connecting eqs.(6.6) and (6.16) , temperature dependence of ρ dm is obtained as
Putting ω dm = 1/3(0) for HDM (CDM), in eq.(6.22), ratio of CDM and HDM densities,ρ cdm and ρ hdm , is obtained as ρ cdm /ρ hdm = a ew T ew /T 2.37 (6.23) using n = 0.42 from eq.(6.13). Eq.(6.23) shows that creation of HDM is higher at high temperature. But as temperature falls down, creation of CDM supersedes the production of HDM ( production of dark matter owing to decay of dark energy). For the current universe, the ratio of eq.(6.23) is obtained as ρ cdm,0 /ρ hdm,0 = 3.6 × 10 28 (6.24) using numerical values of a ew , T ew and T 0 (given above) in eq.(6.23). It shows that currently, ρ hdm is almost negligible compared to ρ cdm .
The scale factor a sd , upto which dark energy vanishes due to decay, are obtained as a sd = (0.42 × 10 61 ) 50/3 a ew a 0 29 a ew = 1.68 × 10 36 a ew ≃ 430a 0 (6.25) connecting eqs.(6.6),(6.7) and (6.10) as well as using ρ Λ = 0.
Here ω dm = 0 is taken as for t > t 0 , dark matter content is expected to be dominated by CDM.
The ratio of densities of dark energy, ρ Λ , and dark matter, ρdm, is obtained as ρ Λ /ρ dm = 7.5 × 10 61 a ew a 1.74 a 0.06 ew − 21. (6.26) It is interesting to note, from eq.(6.26), that the gap between dark energy density and dark matter density decreases with the growing scale factor.
Connecting eqs.(6.6) and (6.7) and using n from eq.(6.13). This equation
shows that ρ dm /ρ Λ < 1 for a ew < a < 13.9a 0 and 0 < t < 10.6t 0 . (6.27a, b) The result, given by eq.(6.27b), solves the cosmic coincidence problem [24] .
This approach, for solution of coincidence problem has an advantange that no scalar field is required to represent the dark energy, rather it is the contribution of higher-dimensional higher-derivative gravity to the observable universe. It is unlike the case of work in refs. [25] [26] [27] [28] , where assumed quintessence scalars are used.
(c) The universe,in case ρ Λ < ρ dm Like eq.(6.27), employing the same procedure, it is also possible to find that ρ dm /ρ Λ ≥ 1 for a ≥ 13.9a 0 and t ≥ 10.6t 0 .
So, for t ≥ 10.6t 0 , the the Friedmann equation is written as 6.29) using eqs. (6.6) , (6.8) , (6.13) and definition of ρ cr,0 (given above). Eq. (6.29) yields the solution a(t) = a 87/100
where a Λ<dm = 13.9a 0 and t Λ<dm = 10.6t 0 . Eq.(6.30) also shows an accelerated growth of the scale factor, even though ρ Λ < ρ dm . It is interesting to see that this expansion is faster than the expansion in the interval 0 < t < 10.6t 0 .
From eq.(6.25), the scale factor upto which dark energy vanishes is a sd = 430a 0 . So, eq.(6.30) yields the corresponding time as t sd = 76.6t 0 = 1.05 × 10 3 Gyr. (6.31) It shows that decay of dark energy will continue in the interval 10.6t 0 < t < 76.6t 0 also. So, during this time interval, the dark matter will follow the rule, given by eq.(6.6).
Using eqs. (6.16) , (6.18) , (6.25) and (6.31) , T sd and S sd are calculated as T sd = T 0 a 0 a sd 100/237 = 0.08T 0 = 0.211K (6.32a) and S sd = 3.7 × 10 5 S 0 (6.32b)
Dark matter density at t = t sd is obtained as ρ dm(sd) = 7.2 × 10 −53 GeV 4 (6.33)
using a 0 and a sd in eq.(6.6).
As dark energy vanishes when t ≥ t sd , content of the universe will be dominated by CDM ,which is pressureless non-baryonic matter obeying the conservation equationρ
This equation yields scale factor dependence of ρ dm as ρ dm = ρ dm(sd) a sd /a(t) 3 = 3.66 × 10 41 a 3 (t) (6.34) for t > 76.6t 0 .
Beyond the age of the universe 76.6t 0 , the Friedmann equation looks like ȧ a 2 = 8πG N 3 ρ dm = 3070 a 3 (t) (6.35) using eq.(6.34).
Eq.(6.35) yields the solution
with a sd and t sd given by eqs. (6.25) and (6.31) respectively.
On taking (+) sign in eq.(6.36), decelerated expansion of the universe is obtained beyond t > 76.6t 0 continuing for ever. But the (-) sign, in eq.(6.36), exhibits a contracting universe beyond t > 76.6t 0 . So, ultimately the contracting universe is expected to collapse to a very small size with scale factor, possibly equal to a ew = 1.05 × 10 −5 . From eq.(6.36), with (-) sign, the collapse time is calculated as t col = 1370t 0 = 17.9t sd = 1.9 × 10 4 Gyr (6.37)
using a sd = 430a 0 and t sd = 76.6t 0 .
It is found that the expansion or contraction is slow beyond t > 76.6t 0 ,
showing an adiabatic change. Hence, entropy will remain conserved at S sd = 3.7 × 10 92 . As a result, from eq.(6.18), it is obtained that T = a sd T sd /a(t) = 3.6 × 10 30 a(t) . (6.38) In the case of expansion, T converges to zero. But, in the contracting phase, temperature rises to 3.43 × 10 35 K if collapse takes place upto the scale factor a ew .
Summary of Results
In the big − bang theory, it is supposed that, around 13.7Gyrs ago, there used to be a f ireball i.e. an extremely hot object, which burst out and our universe came into existence. This event is called big − bang. It means that f ireball would have contained enormous amount of energy, but the form of energy is still unknown.
In the proposed picture, the f ireball is dominated by riccions, being contribution of 10-dimensional higher-derivative gravity to the 4-dimensional hypersurface. with these two initial ingredients. In contrast to the original big − bang theory, the proposed cosmology answers many basic questions as (i)"What is the f ireball?", (ii) "How does it burst out?", (iii) "What is the background radiation?" and "What are initial values of temperature and energy density?"
Moreover, the proposed cosmological model is free from initial singularity. It is found that the dark energy voilates the strong energy condition showing "bounce" of the universe, which is consistent with singularity − f ree model of cosmology [18, 22, 23] . The initial scale factor is computed to be a ew = 1.05×10 −5 . It is in contrast to the standard model of cosmology SMU, which encounters with singularity having zero scale factor, infinite energy density and infinite temperature.
The present value of dark energy density is supposed to be ∼ 7.3 × 10 −48 Gev 4 , which is 62 orderse below its initial values. The question "How does dark energy falls by 62 orders in the current universe?" is answered by the result, in section 6(a), showing that dark energy decays to dark matter, obeying the rule, given by eq.(6.7). Upto the decoupling time t d ≃ 386kyr, matter remains in thermal equllibrium with the background radiation, so produced dark matter upto t d is supposed to be HDM. But when t > t d , production of CDM is more than HDM. The current ratio of HDM density and CDM density is found to be 2.78 × 10 −29 . In section 7, it is found that creation of HDM raises entropy of the universe upto ∼ 10 87 . Generation of entropy continues to grow during the course of accelerated expansion upto the time 76.6t 0 and reaches its maximum at 3.7 × 10 92 . During the phase of accelerated expansion, temperature falls as a(t) −100/237 , but when t > 76.6t 0 = 1049Gyr i.e. during decelerated expansion, T ∼ a(t) −1 .
It is found that one of the two types of dynamical changes of the universe are possible, beyond 76.6t 0 = 1049Gyrs, (i) decelerated expansion and (ii) contraction. If future universe expands with deceleration , it will expand for ever. But in the case of contraction, it will collapse by 1.9 × 10 4 Gyrs.
As dark energy dominates over dark matter, from the beginning upto the time 10.6t 0 , no cosmic coincidence problem arises in the proposed scenario.
Here the model is able to provide possible solutions to many problems with prediction for the future universe.
Appendix A
Riccion and Graviton
From the action
the gravitational equations are obtained as
M N + γ (4+D) H . m 2 f = 0 for l = 0, but m 2 R can vanish only when gravity is probed upto ∼ 10 −33 cm. As mentioned above, gravity could be probed upto minimum distance 1cm only. Thus, (mass) 2 of riccion can not vanish.
Thus, even though f andR are scalars arising from gravity, both are different. Riccion can not arise without higher-derivative terms in the action, but graviton is also obtained from Einstein-Hilbert action with lagrangian density R/8πG.
In a locally inertial co-ordinate system
showing that in the 2R,R and 2 are like other scalar fields φ and 2 in Klein -Gordon equation for φ, according to the principle of covariance. So, there is no harm in making loop quantum corrections and renormalization forR like φ.
